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Abstract
We argue that the recent BESIII data on the cross section for the process e+e− →
χc0 ω in the center of mass energy range 4.21 - 4.42 GeV can be described by the
contribution of the known charmonium-like resonance ψ(4160) with the mass of about
4190MeV. The value of the coupling in the transition ψ(4160) → χc0 ω needed for this
mechanism is comparable to that in another known similar transition χc0(2P )→ J/ψ ω.
The suggested mechanism also naturally explains the reported relative small value of
the cross section for the final states χc1 ω and χc2 ω above their respective thresholds.
The recently reported [1] BESIII data on production of the final states χcJ ω in the e
+e−
annihilation at
√
s from 4.21 to 4.42 GeV indicate a peak in the cross section for χc0 ω at
about 4.23 GeV and apparently no corresponding peaks above the thresholds for χcJ ω with
J = 1 and J = 2. The best fit to the χc0 ω data with a resonance curve yields the parameters
of the resonance[1]: M = (4230± 8)MeV and Γ = (38± 12)MeV, which parameters do not
correspond to any of the previously known charmonium-like states. It is not unusual recently
that new quarkonium-like resonances are revealed in various channels with a hidden heavy
flavor, and the newly observed peak could indicate an existence of another such state. Here,
however, we explore a somewhat more routine interpretation of the observed peak as being
due to a well known charmonium JPC = 1−− resonance, namely the ψ(4160). Despite the
notation ψ(4160) the actual mass of this state is in fact [2] Mψ = (4191 ± 5)MeV (and
Γψ = (70± 10)MeV. The shift in the mass from the initial data to the current higher value
is mostly due to the re-analysis [3] of the interference with the ψ(4040) peak. We argue
that a close proximity of the actual mass of ψ(4160) to the observed enhancement of the
e+e− → χc0 ω cross section makes our interpretation well compatible with the data. The
suppression of the production of χc1 and χc2 in similar processes above their thresholds as
well as of χc0 in that range of higher energy is then merely due to larger distance from the
resonance peak.
If confirmed by the future data, the discussed interpretation would imply that the process
e+e− → χc0 ω is not as much of direct relevance to the searches for new charmonium-like
states, possibly of a complex structure, but rather falls into another very interesting class
of hadronic transitions between quarkonium states, more specifically, of the transitions with
the emission of the ω meson. Such transitions between the JPC = 1−− and the χJ states
were observed in both charmonium: χc0(2P )→ J/ψ ω [4], and bottomonium: χb1,b2(2P )→
Υ(1S)ω [5], and most recently [6] at the Υ(5S) resonance: Υ(5S) → χb1 ω (and also an
indication of Υ(5S) → χb2 ω). These processes are not suppressed by any (approximate)
symmetries in QCD and are allowed to proceed in the S wave 1 . In the limit of exact heavy
quark spin symmetry the transitions for the χJ states with different J are related by the
1Within the multipole expansion in QCD [7, 8] these processes arise in the third order in the leading
E1 interaction [9]. This illustrates absence of a suppression, even though the multipole expansion is hardly
applicable at a quantitative level to the processes with highly excited quarkonium states.
1
generic expression [9] for the S-wave amplitude:
A(ψχJω) = gω

ψiωiχ0 +
√
3
2
ǫijkψiωjχk +
√
3ψiωjχij

 , (1)
where the nonrelativistic limit for heavy quarkonium is assumed with the nonrelativistic
normalization for the heavy states, ~ψ and ~ω stand for the polarization amplitudes for the
1−− state (ψ) and the ω meson, and χ0, ~χ and χij are the amplitudes for the χJ states. The
dimensionless constant depends on the specific 1−− state and on the considered multiplet of
the χJ states. In our normalization the rate of e.g. the decay ψ(4160)→ χc0 ω is given by
Γ[ψ(4160)→ χc0 ω] = g2ω
pω
2π
(2)
with pω being the momentum of the emitted ω.
If one neglects the widths of the ω and χc0 resonances and approximates the ψ(4160) res-
onance by a simple Breit-Wigner shape, the cross section for the process e+e− → ψ(4160)→
χc0 ω is given by
σ(e+e− → χc0 ω) = g2ω
3
2M2
Γee pω(E)
(E −M)2 + Γ2/4 (3)
where E =
√
s is the center of mass energy, M and Γ are the mass and the total width of
the ψ(4160) resonance, and Γee is its partial width of decay to e
+e− currently measured with
a considerable uncertainty [2], Γee = (0.48 ± 0.22) keV. Asuuming the central value for the
latter width, the expression in Eq.(3) reproduces the experimentally measured cross section
of approximately 55 pb at E = 4230MeV, at which point the largest statistics is available
and the experimental errors are the smallest, if g2ω ≈ 4× 10−2. Naturally, the uncertainty in
this estimate is large, about 50%, mainly due to poor knowledge of the Γee.
For a more detailed fit to the data of the shape of the energy dependence of the cross
section described by the discussed resonance mechanism, especially at the lower end of the
relevant energy range, we have included the effects of the finite widths of the ω resonance
(8.5MeV) and of the χc0 charmonium state (10.5MeV). Since we neglect any possible non-
resonant background and any variation of the width of ψ(4160) at energies well above the
resonance, the only parameter in the fit is the overall normalization, i.e. the coupling g2ω. A
comparison of our fit with the data is shown in Fig. 1. The quality of the fit is χ2/Nd.o.f. =
9.9/8, which although is likely worse than the fit to a new resonance in Ref. [1], but is still
compatible with the data within one standard deviation. It can be noted that most likely
the simple Breit-Wigner approximation has to be modified at the higher end of the measured
2
energy range. Thus if we fit only the data at 4.31GeV and below (i.e. not including the
three highest energy points) the figure of merit for our fit improves to χ2/Nd.o.f. = 4.0/5.
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Figure 1: The fit of the ψ(4160) resonance contribution to the data [1] for σ(e+e− → χc0 ω)
(solid). Also shown are the curves for the cross section in the channels χc1 ω (dashed) and
χc2 ω (dot-dash).
Also shown in Fig. 1 are the expected from the formulas in Eqs. (1) and (3) curves
for the cross section in the channels χc1 ω and χc2 ω. It should be noted however that a
straightforward application of these formulas may suffer from relatively large modifications.
Such modifications can arise both from a deviation at higher energies of the resonance curve
from the Breit-Wigner approximation, and from possible other non-resonant contributions
to the production mechanism, e.g. mediated by the heavy meson-antimeson pairs [10, 11].
In particular, the latter contributions can potentially violate the heavy quark symmetry
prediction for the ratio of the yield σ/pω in the channels χcJ ω with different J : χc0 : χc1 :
χc2 = 1 : 3 : 5.
We have also examined a possible contribution of the higher charmonium-like resonance
ψ(4415). The data [1] indicate no enhancement at the energy of this state. Neither our
fit showed any improvement with inclusion of this additional resonance. We find that its
contribution to the production of χc0 ω should be less than 10% of that of ψ(4160) in the am-
3
plitude. This probably indicates that the resonances ψ(4160) and ψ(4415) have significantly
different internal dynamics.
In order to assess how reasonable is the value of the coupling g2ω ∼ 10−2 needed for the
discussed interpretation to work, one may turn to the only known another similar process in
charmonium, the decay χc0(2P )→ J/ψ ω. Using the notation gω(2P → 1S) for the coupling,
normalized as in Eq.(1), the rate of the decay can be written as
Γ[χc0(2P )→ J/ψ ω] = g2ω(2P → 1S)
3 pω
2π
≈
(
g2ω(2P → 1S)
10−2
)
1MeV . (4)
This width is currently unknown from direct measurements, but it can be argued that it
is likely to be larger than 1MeV. Indeed, the total width is measured as Γ[χc0(2P )] =
(20 ± 5)MeV, and also [2] Γ[χc0 → γγ] × Br[χc0(2P ) → J/ψ ω] = (54 ± 9) eV. The two
photon decay rate of a P -wave state in the potential model is proportional to the square of
the derivative of the radial function at the origin |R′P (0)|2 and should be significantly smaller
for the the 2P state χc0(2P ) than for the 1P , Γ(χc0 → γγ) ≈ 2.34KeV. This implies that the
branching fraction Br[χc0(2P ) → J/ψ ω] should be noticeably larger than the conservative
lower bound Br[χc0(2P )→ J/ψ ω] > 2.5% which translates to the lower bound of 0.5MeV
for the rate in Eq.(4). Also, given that the measured [12] product of the branching fractions
in the B meson decays, Br[B → χc0(2P )K]Br[χc0(2P ) → J/ψ ω] ≈ (2 − 3) × 10−5 (or
even as large as [4] 7× 10−5), assuming a value of Br[χc0(2P )→ J/ψ ω] near the indicated
conservative lower limit would imply Br[B → χc0(2P )K] ∼ 10−3 which would thus be several
times larger than similar branching fractions for the 1P charmonium states. Although not
entirely excluded by the data, such behavior would be considerably challenging to explain.
We thus conclude that a value of the coupling g2ω of order 10
−2, though not understood
theoretically, does not appear to be unnatural for charmonium.
It may also be instructive to compare the relative strength of the coupling in the ω tran-
sitions in the charmonium and bottomonium sectors. The observed [6] rate of the transition
Υ(5S)→ χb1 ω corresponds to g2ω(5S → 1P ) ≈ 3× 10−4, i.e. an order of magnitude smaller
in the amplitude than the discussed coupling in charmonium. It is not clear however to
what extent this transition is representative for bottomonium, since for the transitions from
Υ(5S) the data indicate a strong violation of the heavy quark symmetry prediction (5 : 3)
for the relative yield of χb2 and χb1. Whatever the mechanism responsible for the enhanced
spin symmetry breaking is (e.g. a contribution of meson-antimeson states [10]), it would
also affect the strength of the coupling for the ω emission. Perhaps, a more sensible compar-
4
ison could be done using the data on the decays χb1,b2(2P ) → Υ(1S)ω for which the data
on their relative rate do not contradict the heavy quark symmetry. However the absolute
rate of the ω transitions from the χbJ (2P ) bottomonium to Υ(1S) is unknown since the
total widths of the χbJ(2P ) states is not measured. Using the theoretical estimates [13, 14]
of the radiative and the total widths of the bottomonium 2P states one may deduce e.g.
Γ[χb1(2P ) → Υ(1S)ω] ≈ 1.5 keV, and thus estimate g2ω(2P → 1S) ≈ 2 × 10−5. Clearly,
these estimates point to a much weaker coupling for the ω transitions in bottomonium as
compared to charmonium. Qualitatively, a weaker coupling for the bb¯ system would be ex-
pected on general grounds, however at present we are not aware of any existing quantitative
analysis, neither we can offer one ourselves.
In summary, we find that a minimalistic description of the recent BESIII data on e+e− →
χcJ ω in terms of the effect of the known resonance ψ(4160) is quite compatible with the mea-
surements of the cross section. This description implies that the coupling of the ψ(4160) to
the channels χcJ ω is of the same order as in another known charmonium process χc0(2P )→
J/ψ ω. In both these cases the interaction of the ω meson is significantly stronger than
in similar processes in bottomonium — a behavior that is generally expected, but not yet
described quantitatively.
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